Abstract Familial adenomatous polyposis (FAP) is characterized by the development of multiple adenomatous polyps predominantly in the colon but also in the duodenum. Scattered case reports indicate that there is a risk for pancreatitis in FAP. The most likely cause of pancreatitis in FAP is obstructing ampullary adenomas. We describe 7 FAP patients who experienced one or more episodes of pancreatitis. Two patients experienced pancreatitis after endoscopic treatment of ampullary adenoma. The cause of the pancreatitis in 5 of 7 patients could not be determined, as none of the patients had obstruction of the ampulla. Furthermore, other risk factors for pancreatitis such as pancreatic serine protease inhibitor Kazal type I (SPINK1) gene mutations were ruled out. A review of literature identified 20 FAP patients who developed the first episode of pancreatitis at a mean age of 45 years (range 23-72 years). Some 55% had recurrent episodes of pancreatitis. Eight patients had (peri) ampullary adenomas or carcinomas. In most cases, the course of pancreatitis was mild with an uneventful outcome, but one patient died after an episode of acute pancreatitis.
Introduction
Familial adenomatous polyposis (FAP) is an autosomal dominant inherited disorder, caused by germline mutations in the adenomatous polyposis coli (APC) tumor suppressor gene. Phenotypically, it is characterized predominantly by the development of multiple colonic adenomatous polyps. Apart from colonic adenomas, 58-90% of FAP patients develop duodenal adenomas, most notably in the proximity of the ampulla. The presence of duodenal adenomas is associated with an approximately 300 times higher risk for duodenal cancer compared to the general population and the lifetime risk is estimated to be 5% [1] [2] [3] [4] [5] .
Apart from the presence of colonic and duodenal adenomas, few case reports point to an association of FAP with recurrent acute pancreatitis [6] [7] [8] [9] [10] [11] [12] [13] . One reasonable hypothesis is that ampullary adenomas may cause pancreatitis by obstructing the common bile duct [6] [7] [8] [9] [10] [11] [12] [13] . On the other hand, not every FAP patient with duodenal adenomatosis will develop pancreatitis, and FAP patients without duodenal adenomas also appear to be at risk for pancreatitis. This suggests that other, as of yet unidentified, factors play a role. Pancreatic serine protease inhibitor, Kazal type I (SPINK1), is a potent inhibitor inhibitor of trypsin activity, and a recent study found that a SPINK1 allele was enriched in a population of patients with acute recurrent pancreatitis [14] . The N34S mutation was present in a frequency of 7.8% in patients, but only in 2.6% of healthy controls, which suggests that SPINK1 may play a role in the susceptibility for acute pancreatitis.
The purpose of this study is to report the clinical characteristics of 7 FAP patients who presented with acute pancreatitis and to illustrate this condition with an overview of the current literature. In addition, we explored whether SPINK1 mutations contribute to the risk of pancreatitis in these patients.
Materials and methods

Patients
The setting of the study was a tertiary referral centre for FAP in the Netherlands. We identified patients by a search of the morbidity database of the department of Gastroenterology and Hepatology, which includes the ICD-9 diagnoses of 114 FAP patients. FAP was diagnosed based upon the presence of more than 100 adenomatous colorectal polyps and a positive family history and/or by genetic testing of an APC mutation. We selected cases with a diagnosis of at least one documented episode of pancreatitis. We reviewed medical records of all cases including results of radiological, endoscopic or pathologic studies. Pancreatitis was diagnosed by clinical abdominal symptoms and elevated serum amylase and defined as idiopathic in case precipitating factors such as alcohol abuse, trauma, medication, infection, metabolic disorders and/or a family history were all absent.
Duodenal adenomas were detected by a side viewing duodenoscope (TJF-160 Olympus) and classified according to the modified Spigelman classification [15] . This classification is based on the number and size of polyps, their histology, and the degree of dysplasia. Stage I and II signify mild duodenal polyposis while stage III and IV indicate severe disease [15] .
Literature
We performed a MEDLINE literature search using the Pubmed interface (http://www.ncbi.nlm.nih.gov/ entrez) for articles focused on patients who had FAP and presented with acute pancreatitis in order to obtain a comprehensive overview of the condition. Our search strategy was performed with the following terms: familial adenomatous polyposis; FAP; acute pancreatitis; duodenal polyposis, for the period 1970-2005.
Articles written in English, French, Italian, Dutch, or German were considered for inclusion in the analysis. The references of the traced articles were scrutinized for additional articles. Data were collected with special attention to the following items: demographic features, age at onset of FAP and pancreatitis, presence and localization of duodenal polyps, comorbidity, and follow-up.
DNA studies
We extracted genomic DNA from whole blood according to established protocols using the Puregene DNA isolation kit (GENTRA systems, Minneapolis, Mn, USA). We searched for two prevalent SPINK1 gene mutations: N34S, and P55S. We sought for these mutations using an allele specific PCR as described elsewhere. Briefly, a 50 ll reaction was prepared that contained 200 ng genomic DNA, 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% TRITON, 2 mM MgCl2, 0.25 mM dNTP's, 3.0 U Taq-DNA-polymerase and 100 ng of sense, anti sense and mutation primers [16] . Cycling conditions called for an initial step at 94°C for 5 min then 35 cycles at 94°C for 30 s, 59°C for 30 s, 72°C for 30 s, and a final elongation step at 72°C for 5 min. The PCR product was subjected to gel electrophoresis and analysed by visual inspection.
Results
We identified 7 FAP patients (5 female, 3 male) with a mean age of 44 years (range 21-64 years) who had at least one single episode of acute pancreatitis (Table 1) .
Case 1
A 34-year-old woman (Table 1) with FAP underwent a subtotal colectomy at 17 years of age. She was admitted to the hospital with acute abdominal pain and vomiting. She did not use any medication. Past history included occasional alcohol intake. Laboratory investigations demonstrated an elevated serum amylase (3955 IU/l; normal values <100 IU/l). Other laboratory values including liver enzymes, peripheral blood count, serum calcium and triglyceride levels were within normal range. Ultrasound examination of the abdomen demonstrated signs of acute pancreatitis with fluid surrounding the pancreas, but no abnormalities to the liver or bile duct. A computed tomography (CT) revealed slight swelling of the pancreas and some infiltration in surrounding areas. Acute pancreatitis was diagnosed and treated conservatively. Because of an elevation of temperature and infection parameters antibiotics were added, although the CT did not show any signs of necrosis or infection. She recovered well and after 7 days she was discharged from the hospital. She had two recurrences of pancreatitis, which were treated con-servatively and the subsequent course was uneventful so far. The etiology of the recurrent episodes of pancreatitis could not be determined. Alcohol abuse was ruled out, and we failed to elicit a positive family history for the disease. Duodenoscopy showed approximately five small duodenal polyps, none in the proximity of the ampulla, classified as Spigelman stage II. Histological analysis showed only low-grade dysplasia. Magnetic resonance imaging (MRI-MRCP) revealed no abnormalities of the pancreatic ducts and no signs of gallstones.
Molecular analysis demonstrated that she possessed two wild type copies of the SPINK1 gene, excluding the N34S and P55S mutations.
Case series Table 1 summarizes the pertinent clinical data of all FAP patients who had at least one single episode of acute pancreatitis. Two patients experienced pancreatitis after endoscopic treatment of an ampullary adenoma. In one patient endoscopic snare papillectomy was performed because of an ampullary adenoma with high-grade dysplasia. Immediately after the procedure he developed pancreatitis, which was treated conservatively and resolved without sequelae. Another patient experienced pancreatitis after endoscopic plasma coagulation treatment of an ampullary adenoma. This was treated conservatively and the subsequent course was uneventful. She underwent a surgical papillectomy 1-year later uneventful.
We could exclude obvious causes for acute pancreatitis in all other cases. All patients have duodenal polyps, but there were no signs of obstruction of the ampulla. Gallstones either in the gallbladder or in the common bile duct were absent. Furthermore, there was no history of excessive alcohol consumption. At the time of pancreatitis, the patients did not use drugs associated with pancreatitis.
One patient had concomitant hyperparathyroidism, with marginally elevated serum calcium concentrations (Calcium 2.73 mmol/l, albumin 32 g/l). Although hyperparathyroidism may be associated with acute pancreatitis, it is debatable whether it contributed to the development of this episode of pancreatitis. In most instances it occurs when hypercalcaemia is moderate to severe or if concomitant risk factors such as treatment with steroids and azathioprin are present. One patient had recurrent episodes of acute pancreatitis resulting in chronic pancreatitis, while pancreatitis resolved without sequelae in the remaining 4 patients. Genetic analysis of the SPINK1 gene showed no mutation in all cases. The patients with single bouts of pancreatitis after endoscopic treatment of ampullary adenoma were not genetically tested.
Literature search
We identified eight articles describing patients with FAP and pancreatitis [6] [7] [8] [9] [10] [11] [12] [13] . (Table 2 ) Most articles were case reports on one to three cases [6, [8] [9] [10] [11] [12] . Two articles described a series of patients [7, 13] . In a series of 141 patients with FAP, 5 patients with pancreatitis were reported [7] . The total population of patients with pancreatitis from all articles combined consisted of 21 patients (13 female, 4 male, 4 unknown). All patients were diagnosed with FAP and underwent colectomy. The mean age of onset of pancreatitis was 45 years (range 23-72 years). The oldest patient (72 years) was diagnosed with pancreatitis after biopsies of a papillary polyp. A total of 12 of 20 patients experienced recurrent episodes of pancreatitis. The majority of patients were subjected to endoscopic retrograde cholangiopancreaticography (ERCP). Three patients had a peri-ampullary adenocarcinoma and 5 patients had an ampullary adenoma. Six patients had duodenal adenomas. Snare resection of the ampullary adenoma and subsequent sphincterotomy was performed in 4 patients. Sixteen patients underwent pancreatic surgery. The performed procedures ranged from drainage of a pancreatic abscess to Whipple's resection and Roux-Y choledochojejunostomy. Eight patients eventually underwent a pancreatectomy or pancreaticoduodenectomy was performed. In most cases, the outcome was uneventful. Follow-up was not reported in all cases. One patient died after an episode of acute pancreatitis.
Discussion
This report describes 7 patients from one centre who developed acute pancreatitis in the context of FAP. Pancreatitis is a severe and potentially lethal complication in FAP patients and may contribute to the extracolonic causes of morbidity and mortality in FAP. Acute pancreatitis in itself is a rare event and it has been estimated that the incidence of acute pancreatitis (of all causes) lies around 5-10 per 100.000 (0.005-0.01%) in Western Europe [17] . Our data along with data from the literature suggests that the risk for pancreatitis in FAP higher than that, and one series reported a frequency of pancreatitis in FAP of 3.5% (5/141) [7] . This suggests that pancreatitis is part of the extracolonic phenotype of FAP. Few aspects can be gleaned from literature review. First, the first episode of pancreatitis occurs at middle age, mean 45 years; range 23-72 years. Second, it appears that the majority of patients will have a recurrence of their pancreatitis. Further, 8 of 21 patients had (peri) ampullary adenomas that might or might not have contributed to the pancreatitis. Lastly, although outcome was uneventful in most cases, one patient died after an episode of acute pancreatitis. There appear to be a few major causes for pancreatitis in FAP patients. First, pancreatitis that arises from obstruction of the pancreatic duct/common bile duct because of ampullary adenomas. Duodenal adenomas are a common manifestation of FAP and it is estimated that 54% of FAP patients will develop duodenal adenomas twenty years after colectomy while at 75-years-of-age the prevalence may reach 98% [3, 4, 18] . Advanced periampullary adenomas are seen in 20% of patients by 60-years-of-age [18] . Duodenal adenomas are not usually associated with symptoms, but there is an increased risk for development of duodenal and especially ampullary cancer. The incidence of duodenal cancer in FAP may reach 4%, which is 100-300 times higher than the background population [2] . The high risk for malignant degeneration underscores the necessity for screening, most preferably using side-viewing endoscopes. Lastly, we identified a sample of 5 of 7 patients in whom no clear risk factor was apparent. We carefully searched for underlying risk factors but none of the patients had obstructing ampullary adenomas. Furthermore, other common risk factors for pancreatitis were absent. This contrasts the common dogma that FAP related pancreatitis is caused by obstruction by ampullary adenomas. We therefore sought for other host factors that might explain why these patients are at high risk for the development of acute pancreatitis. As a recent study demonstrated that recurrent idiopathic pancreatitis might be associated with a SPINK1 gene mutation, we searched for two of the most common SPINK1 gene mutations (N34S/P55S), but failed to detect them in our sample. Although this does not rule out that SPINK1 plays a role in FAP associated pancreatitis, it makes it less likely.
In conclusion, we report 7 FAP patients who presented with acute (recurrent) idiopathic pancreatitis without the presence of obstructing ampullary adenomas. This suggests that pancreatitis may be a manifestation of FAP although the actual mechanism is unclear. 
